ABSTRACT: A total of 720 1-d-old male Ross broilers (BW of 48.0 ± 0.3 g) were used to evaluate the effects of dietary levan fructan supplementation on growth performance, meat quality, relative organ weight, cecal microflora, and excreta noxious gas emission in broilers. This experiment lasted 31 d. Broilers were randomly allotted to 1 of 3 dietary treatments: 1) CON, basal diet, 2) CON + 0.25% fructan (FC1), and 3) CON + 0.50% fructan (FC2). Each treatment contained 16 pens with 15 chicks per pen. Broilers on levan fructan supplementation treatments (FC1 + FC2) had a lower (P = 0.005 for d 15 to 31) ADFI and greater (P = 0.005 for d 15 to 31 and P = 0.022 for d 1 to 31) G:F than those on the CON. A decreased (P = 0.031) relative spleen weight was observed with levan fructan supplementation treatments compared with the CON. Cecal E. coli and C. perfringens concentrations in levan fructan treatments were decreased, while cecal Lactobacillus, as well as Bifidobacteria, concentrations in levan fructan treatments were increased compared with the CON. However, excreta NH 3 concentrations were decreased (P = 0.013) in levan fructan treatments compared with the CON. In conclusion, fructan supplementation improved later stage growth performance, increased cecal Lactobacillus and Bifidobacteria concentrations, and decreased cecal E. coli and C. perfringens concentrations, as well as excreta NH 3 concentrations, in broilers.
INTRODUCTION
The potential positive effects of prebiotics in animal feeds has been recognized since the 1980s and their use in animal feed and pet foods has been intensively studied (Houdijk et al., 1998; Tivey, 1998, 1999; Flickinger and Fahey, 2002; Patterson and Burkholder, 2003a) . Liu et al. (2008) reported that dietary supplementation of chito-oligosaccharide at 100 and 200 mg/ kg enhanced growth performance in weanling pigs by increasing apparent nutrient digestibility, decreasing the incidence of diarrhea, and improving morphology of the small intestine. Zhao et al. (2012) demonstrated that mannan oligosaccharides improved growth performance and nutrient digestibility and decreased diarrhea score in weanling pigs.
Fructans, which are normally isolated from plants under natural conditions and can also be produced by some microorganisms, are nonstructural carbohydrates that differ in molecular structure and molecular weight. They may be classified into 3 main types: the inulin group, the levan group, and the branched group. The inulin group consists of the material that is mostly or exclusively the β-2,1 fructosyl-fructose linkage, and nearly all fructans found in plants are of this type. The levan group fructan is the material that contains mostly or exclusively the β-2,6 fructosyl-fructose linkage. The branched group has both β-2,1 and β-2,6 fructosylfructose linkages in substantial amounts. Levan fructans exhibit a variety of nutritional and pharmaceutical functions, including a hypocholesterolemic effect (Yamamoto et al., 1999) , promotion of the absorption of metallic ions (Ohta et al., 1993) , prevention of constipation (Roberfroid et al., 1993) , and antitumor and immunomodulatory effects (Calazans et al., 1997) . However, to the best of our knowledge, no studies have been conducted to evaluate the use of levan fructans in poultry. The objective of this study was to evaluate the effects of levan fructan on growth performance, meat quality, relative organ weight, cecal microflora, and excreta noxious gas emission in broilers.
MATERIALS AND METHODS
The experimental protocol used in this study was approved by the Animal Care and Use Committee of Dankook University.
A source of fructan that consists of β-(2,6)-linked fructose units (Levan; RealBioTech Co., Daejeon, South Korea) was obtained from a commercial company. The product is synthesized via enzyme reactions using levansucrase from Zymomonas mobiliz and purified using an ultra-membrane system. This source of fructan is different from inulin, which consists of β-(2,1)-linked fructose units, and its partial hydrolysate, fructooligosaccharides. The average degree of polymerization is 10 and the average molecular weight is 700 kDa.
Experimental Design, Animals, and Housing
A total of 720 1-d-old male Ross 308 broiler chicks with an average BW of 48.0 ± 0.3 g was randomly allotted to 3 experimental diets according to their initial BW for a 31-d trial. Dietary treatments included: 1) CON, basal diet, 2) CON + 0.25% fructan (FC1), and 3) CON + 0.50% fructan (FC2). The composition of the basal diets is shown in Table 1 . All diets were formulated to meet or exceed the nutritional requirements of broilers reported by the NRC (1994). There were 16 replicate pens per treatment with 15 birds per pen. All birds were housed in stainless steel pens (1.75 × 1.55 m) with concrete floors covered with clean rice bran, and continuous light was provided. The temperature of the room was maintained at 33 ± 1°C for the first 3 d and decreased to 24°C until the end of the experiment. The diets were fed in 2 phases consisting of a starter phase from d 0 to 14 and a finisher phase from d 15 to 31. The chicks were given free access to water and mash feed during the entire experiment.
Sampling and Measurements
The broilers were weighed by pen and feed intake was recorded on d 0, 14, and 31, which was then used to calculate ADG and G:F. At the end of the experiment, 16 broilers were randomly selected from each treatment (1 bird per pen), weighed individually, and killed by cervical dislocation. The stomach, breast meat, bursa of Fabricius, liver, spleen, and abdominal fat were then removed by trained personnel and weighed. Organ weight was expressed as a percentage of BW. The breast muscle was stored at -20°C for the subsequent analyses. The breast muscle Hunter lightness (L*), redness (a*), and yellowness (b*) values were determined (Minolta CR410 Chromameter; Konica Minolta Sensing Inc., Osaka, Japan). Duplicate pH values for each sample were measured using a pH meter (Fisher Scientific, Pittsburgh, PA). The water-holding capacity (WHC) was measured with the methods described by Kauffman et al. (1986) . Briefly, a 0.3-g sample was pressed with 3,000 g weight for 3 min at 26°C on a 125-mm-diameter piece of filter paper. The areas of the pressed sample and the expressed moisture were delineated and then determined using a digitizing area-line sensor (MT-10S; M.T. Precision Co. Ltd., Tokyo, Japan). The ratio of water:meat area was then calculated, giving a measure of WHC (a smaller ratio indicates increased WHC). Drip loss was measured using approximately 2 g of meat sample according to the plastic bag method described by Honikel (1998) .
Cecal contents were collected into Qorpak glass containers (118 mL) under CO 2 , sealed, and placed on ice until transported to the laboratory for enumeration of microbial populations. Cecal samples were assessed for populations of Lactobacillus, E. coli, C. perfringens, and Bifidobacteria. One gram of the composite excreta sample from each cage was diluted with 9 mL of 1% peptone broth (Becton, Dickinson and Co., Franklin Lakes, NJ) and then homogenized. Viable counts of bacteria in the fecal samples were then conducted by plating serial 10-fold dilutions (in 1% peptone solution) onto lactobacilli medium III agar plates (Medium 638; DSMZ, Braunschweig, Germany), MacConkey agar plates (Difco Laboratories, Detroit, MI), Perfringens agar base (Perfringens TSC Agar; Oxoid, Basingstoke, UK), and Wilkins-Chalgren agar (Oxoid, Nepean, Ontario, Canada) supplemented with glacial acetic acid (1 mL/L) and mupirocin (100 mg/L) extracted from antimicrobial discs (Oxoid; Rada et al., 1999) to isolate the Lactobacillus, E. coli, C. perfringens, and Bifidobacteria, respectively. The lactobacilli medium III agar plates were then incubated for 48 h at 37°C under anaerobic conditions. The MacConkey and Perfringens agar plates were incubated for 24 h at 37°C, and the Wilkins-Chalgren agar plates were incubated for 72 h at 37°C. The microflora colonies were counted immediately after removal from the incubator. Concentration of microflora was finally expressed as log 10 colony-forming units per gram of intestinal content.
Fresh excreta samples were collected from each cage on the last 2 d of the experiment and then mixed well for each respective cage. Analysis was then conducted using excreta samples (300 g) obtained from each cage that were stored in 2.6-L sealed plastic boxes. Each box had a small hole in the middle of one side wall that was sealed by adhesive plaster and all samples were collected and analyzed in duplicates. After being sealed in the boxes, samples were allowed to ferment for a period of 24 h at room temperature (21°C). After the fermentation period, the gases produced were evaluated using a gas sampling pump (Model GV-100; Gastec Corp., Yokohama, Japan). Before measurement, the excreta samples were manually shaken for approximately 30 s to disrupt any crust formation on the surface of the slurry sample and to homogenize them. The adhesive plaster was then punctured and 100 mL of the headspace air was sampled approximately 2.0 cm above the excreta surface. The air sampling was obtained at d 5. Two samples from each pen were measured, and then the average was calculated.
Statistical Analysis
All experimental data were analyzed as a randomized complete block design using the GLM Procedure of SAS (SAS Inst. Inc., Cary, NC). The cage was used as the experimental unit. Orthogonal contrasts were used to test: 1) the overall effect of levan fructan supplementation (CON vs. FC1 + FC2), and 2) the level effect of levan fructan supplementation (FC1 vs. FC2). Variability in the data was expressed as the pooled SEM, and P < 0.05 was considered statistically significant.
RESULTS

Growth Performance
During d 15 to 31, broilers on levan fructan supplementation treatments (FC1 + FC2) had a lower (P = 0.05) ADFI and greater (P = 0.05) G:F than those on the CON (Table 2) . During the whole experiment, G:F was increased (P = 0.022) in broilers fed the levan fructan supplementation diets compared with those fed the CON diets. However, no differences were observed in ADG during the experiment. In addition, no differences were observed in ADG, ADFI, and G:F between the FC1 and FC2 treatments.
Meat Quality and Relative Organ Weight
A decreased (P = 0.031) relative spleen weight was observed in the levan fructan supplementation groups compared with the CON group (Table 3) . No differences were found on relative spleen weight between the 2 levan fructan supplementation groups. Additionally, there were no differences in breast color (L*, a*, and b*), drip loss, WHC, and pH, and the relative weight of liver, bursa of Fabricius, breast muscle, abdominal fat, and gizzard.
Cecal Microflora and Excreta Noxious Gas Emission
Cecal E. coli and C. perfringens concentrations in levan fructan treatments were decreased (P < 0.001 and P = 0.007, respectively), while cecal Lactobacillus, as well as Bifidobacteria, concentrations in levan fructan treatments were increased (P < 0.001 and P = 0.037, respectively) compared with the CON (Table 4 ). The levels of fructan supplementation did not affect cecal E. coli, C. perfringens, Lactobacillus, and Bifidobacteria concentrations. No differences were observed for acetic acid, H 2 S, and total mercaptans emissions (Table 5) . However, NH 3 concentrations were decreased (P = 0.013) in levan fructan treatment groups compared with the CON group. Additionally, there was no effect on NH 3 concentrations between FC1 and FC2 treatments.
DISCUSSION
Growth Performance
In the current experiment, ADFI was decreased during the finishing phase by dietary supplementation of β-(2,6)-linked fructan. Additionally, broilers fed the β-(2,6)-linked fructan-supplemented diets had a greater G:F during the finisher phase, as well as the overall experiment. There is currently no available information on the influence of feeding diets supplemented with β-(2,6)-linked fructan to broilers. Thus, no comparisons could be made with other studies. However, there have been some studies on inulin-type fructan and fructooligosaccharides. Kim et al. (2011) reported BW gain was increased in 1-d-old Ross broiler chickens supplemented with 0.25% fructooligosaccharides compared with the basal diet during wk 0 to 4. Supplementation with 0.50% fructooligosaccharides had no influence on BW gain. In addition, no differences were found between the control and fructooligosaccharides supplemented groups in overall feed intake and FCR. Rebolé et al. (2010) demonstrated that birds fed 1 and 2% inulin-containing diets exhibited improved final BW gain. Ammerman et al. (1989) reported that feeding a 0.375% fructooligosaccharides diet increased BW gain at d 47 in male broilers. Xu et al. (2003) also observed improvements in BW gain and reduction in FCR when 0.4% fructooligosaccharides were added to the basal diet in male broilers. In contrast with those findings, Waldroup et al. (1993) reported that the inclusion of 0.4% fructans in broiler diets did not have any positive effect on performance measurements. In addition, Yusrizal and Chen (2003) observed that inulin or fructooligosaccharides at 1% of diet improved BW gain and FCR in female, but not male, broiler chickens.
Those dichotomous results among studies may be due to differences in fructan concentration, other dietary ingredients, broiler gender, or environmental stress, or all of those (Patterson and Burkholder, 2003b; Verdonk et al., 2005) . Biggs et al. (2007) reported that the inclusion of fructooligosaccharides at 0.80% is likely the near-maximum tolerable concentration that can be fed to poultry without detrimental effects (e.g., diarrhea). Wu et al. (1999) demonstrated that the optimal concentration for supplementation of fructooligosaccharides to poultry diets was 0.25 and 0.50%, and, if fed at a higher concentration of 1%, growth performance was depressed. Xu et al. (2003) also concluded that feeding 0.80% fructooligosaccharides resulted in poorer performance than feeding concentrations of 0.20 or 0.40%. Gender differences in performance have been reported (Yusrizal and Chen, 2003; Kan and Hartnell, 2004) . These gender effects are possibly related to differences in the expression of genes encoding anabolic properties (Morpurgo and Porter, 1995) . Assuming that the effects of inulin on performance are related to its effect on the composition and metabolic activity of the intestinal microbiota, the results imply that gender-related differences in chickens affect the way the host reacts to microbial activity. In the present experiment, ADFI in broilers was decreased. Possibly, the ingestion of large amounts of fructans hindered their digestion, leading to an accumulation of indigestible material in the intestine of those birds. Undigested ingesta, then, can be degraded by microbes, which can result in the accumulation of gases and feeling of satiety, thus reducing ADFI (Iji and Tivey, 1998) .
Cecal Microflora
Inulin-type fructans may stimulate the growth and activity of beneficial intestinal bacteria, such as Bifidobacteria and Lactobacillus, and prevent pathogenic bacteria colonization in poultry (Bailey et al., 1991; Waldroup et al., 1993; Xu et al., 2003) . Fructooligosaccharides may help to control or decrease the growth of harmful bacteria such as C. perfringens, which is especially important for the poultry industry because it is a primary cause of necrotic enteritis (Hofacre et al., 2005) . In addition, feeding inulin and fructooligosaccharides may increase the absorption of nutrients by improving the intestinal mucosal structure in broilers (Xu et al., 2003; Pelicano et al., 2005; Rehman et al., 2007) . Choi et al. (1993) reported that supplementation with fructooligosaccharides at 0.22% increased Bifidobacteria and Lactobacillus and decreased C. perfringens and E. coli populations in the ileal content of broilers. Kim et al. (2011) reported that a 0.25% fructooligosaccharides diet decreased the populations of C. perfringens and E. coli, and increased the population of Lactobacillus in the ileum. With a high concentration of fructan, Rebolé et al. (2010) demonstrated that dietary inulin at a level of 1 and 2% had a positive effect on Bifidobacteria and Lactobacillus counts in both ileal and cecal contents. Rada et al. (2001) also demonstrated that 2% inulin supplementation in diet increased the number of Bifidobacteria and Lactobacillus in the cecum. Inulin at 1% increased the populations of Lactobacillus in the cecum as compared with the control group. Those results indicate that both low and high concentrations of fructan had a beneficial effect on intestinal microbial population. Biggs et al. (2007) observed that feeding corn-soybean meal diets containing 0.4% of fructooligosaccharides had no effect on cecal Bifidobacterium, Lactobacillius, C. perfringens, and E. coli populations in 21-d-old chicks. Rehman et al. (2008) also have observed no effect of inulin on the intestinal microbiota in broilers. Contrary to their findings, Xu et al. (2003) reported that cecal Lactobacillus was increased and the concentration of E. coli was decreased at 49 d of age when broilers were fed fructooligosaccharides at 0.2 or 0.4% in a corn-soybean meal diet. The cecal concentration of Bifidobacteria was increased when fructooligosaccharides were fed at 0.4%. However, no effect was found on cecal microbial when fructooligosaccharides were supplemented to chickens at 0.8%. Those results may be indicative of an interactive relationship between the fructan concentration and the age of broilers o their intestinal microbes.
Excreta Noxious Gas Emission
Previous studies have demonstrated that dietary nonstarch polysaccharides (NSP) supplementation could reduce manure N excretion and noxious gas production (Canh et al., 1997; Mroz et al., 2000; Wang et al., 2009 ). Flickinger et al. (2003 reported that supplementation with 1.9 g/d of fructooligosaccharides tended to decrease fecal NH 3 concentration in dogs. Zentek et al. (2002) noted a decreased fecal NH 3 concentration in dogs after mannan oligosaccharides were added to experimental diet. In the experimental period, NH 3 emission was decreased by fructan supplementation. The inclusion of NSP in the diets promotes carbohydrate-fermenting bacteria such as Bifidobacteria and Lactobacillus in the large intestine (O'Connell et al., 2005) . Because NH 3 is used as a preferential N source by carbohydrate-fermenting bacteria (Bryant, 1974) , NH 3 concentration in the feces can be reduced by feeding fermentable carbohydrates (Awati et al., 2006) . Thus, the NH 3 emission may be decreased. The findings also agree with the observation that increasing the level of fermentable carbohydrates in the diet reduces the NH 3 emission (Canh et al., 1998b) . When more fermentable carbohydrates are included in the diet, more N will be excreted via the feces in the form of bacterial protein and less via the urine in the form of urea (Morgan and Whittemore, 1988; Mroz et al., 1993 ; Schulze et al., 1995; Canh et al., 1997) . The conversion of urea to NH 3 is a rapid process in comparison with the breakdown of bacterial protein. This shift in N excretion will also lower the NH 3 emission. In addition, urinary urea N is a substrate for the enzyme urease found in the feces, which is associated with NH 3 emissions from the slurry. Therefore, by reducing urinary urea N, less substrate is present in the slurry for NH 3 production (Canh et al., 1998a (Canh et al., , 1998b . reported that high dietary NSP levels resulted in a reduction in CP levels and enhanced microbial activities within the gut of the animal and in the slurry stores, which might be responsible for the lower observed pH. Canh et al. (1998b) also demonstrated that slurry pH was lower at the higher levels of fermentable carbohydrates included in the diet. It has been shown that slurry pH greatly affects NH 3 emission (Hoeksma et al., 1993) and that lower pH results in decreased NH 3 emission. Thus, the NH 3 emissions may be decreased by fructan supplementation.
In conclusion, fructan supplementation improves later stage growth performance, increases cecal Lactobacillus and Bifidobacteria concentrations, and decreases cecal E. coli and C. perfringens concentrations, as well as the NH 3 emissions by broilers. Future investigations are needed to explore the interaction effects of fructan concentrations and broiler age on growth performance and cecal microflora.
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